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(54) Biaxially oriented laminate polyester film 

(57) A biaxially oriented laminate polyester film in 
wiiich) each of the layers contains at least two different 
lubricant particles, and each of two members out of the 
lubricant particles of one layerand each of two members 



out of the lubricant particles of the other layer have the 
same substrates and the same average particle diame- 
ters, respectively, the biaxially oriented laminate poly- 
ester film enables the direct recycling of the recovered 
polymer for production of the film. 
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EP 0 893 249 A2 

D script ion 

Detailed Description of the Invention 

The present invention relates to a biaxially oriented laminate polyester film. More specifically, it relates toa biaxially 
oriented laminate polyester film which enables the direct recycling of a reproduction polymer for the production of a 
film (to be referred to as "setf-recyclability" hereinafter), has excellent electromagnetic conversion characteristics as a 
base film for a high-density magnetic recording medium and excellent winding and handling properties as a base film. 

A biaxially oriented polyester film typified by a polyethylene terephthalate film is used for a wide range of applica- 
tions, particularly as a base film for a magnetic recording medium, due to its excellent physical and chemical properties. 

Along with recent efforts made to increase the density and capacity of a magnetic recording medium, a base film 
is desired to be flatter and thinner. However, when the surface of the base film is flattened to maintain excellent elec- 
tromagnetic conversion characteristics, its slipperiness becomes insufficient. For instance, when the base film is rolled, 
it is wrinkled or has blocking with the result that the surface of the film roll becomes uneven, thereby reducing the yield 
of products and narrowing the appropriate ranges of tension, contact pressure and speed for winding the base film, 
whereby it is made extremely difficult to wind the base film. When the slipperiness of the base film is low in the film 
processing step, the friction of the base film with a metal roll increases, thereby producing abrasion dust which causes 
the lack of a magnetic recording signal or drop-out. 

To improve the slipperiness of a polyester film, the following two methods to impart unevenness to the film surface 
are generally employed: (i) one in which inert particles are deposited from a residual catalyst in a raw material polymer 
in the production process and (ii) one in which inert particles are incorporated. Generally speaking, the larger the size 
and content of particles contained in the film the more the slipperiness of the film is improved. 

Meanwhile, as described above, the surface of a base film is desired to be as even as possible in order to improve 
electromagnetic conversion characteristics. When a magnetic recording medium is formed from the base film having 
25 a rough surface, the unevenness of the surface of the base film appears on the surface of a magnetic layer oven after 
the formation of the magnetic layer, thereby deteriorating electromagnetic conversion characteristics. In this case, the 
larger the size and content of particles contained in the base film the greater the surface roughness of the base film 
becomes, thereby deteriorating electromagnetic conversion characteristics. 

To improve both winding properties and electromagnetic conversion characteristics, which are contradictive to 
30 each other, there is a widely known means for having a base film laminated, in which one surface on which a magnetic 
layer is formed, of the base film is flattened for improving electromagnetic conversion characteristics and the other 
surface thereof is roughened for improving slipperiness. 

In this case, a lubricant having a small particle diameter is used or the amount of the lubricant added is reduced 
to flatten the layer on the side on which the magnetic layer is formed whereas a lubricant having a large particle diameter 
35 is used or the amount of the lubricant added is increased to roughen the layer on the other side (running surface side) 
on which no magnetic layer is formed. 

That is. the flat layer on the coating surface side and the rough layer on the running surface side greatly differ from 
each other in the characteristic properties of a lubricant used, such as species, particle diameter and amount. 

In the case of a single-layer film, film waste produced in the production process of a film is recovered and made 
into chips, and the obtained chips can be recycled directly for the production of the film. In the case of a laminate film, 
however, the lubricant composition of chips recovered from a laminate film differs from the lubricant compositions of 
a rough layer and a flat layer of the laminate film. Therefore, when such chips are used for the production of a laminate 
film, the lubricant composition of a layer made from the recycled chips suffers a change, resulting in causing changes 
in the characteristic properties of the film. 

Meanwhile, it has recently been proposed to use chips recovered from the laminate film in an intermediate layer 
portion (core layer portion) of a three-layer laminate film. 

In this method, however, the intermediate layer portion must be thick enough to consume chips recovered from 
the laminate film as well as chips recovered from the three-layer laminate film. Therefore, the three-layer laminate film 
must be extremely thick. When chips containing a lubricant having a large particle diameter or a large amount of a 
lubricant are used even in an intermediate portion, they influence the formation of protrusions on a surface layer portion. 
Therefore, the use of the chips is limited. 

As described above, a magnetic recording medium having a higher density and larger capacity and a base film 
having a smaller thickness have recently been demanded. Therefore, the thickness of the above three-layer laminate 
film is reduced, and it is substantially difficult to recycle chips recovered from the laminate film for the intermediate 
55 layer of the above three-layer film. 

It is therefore the current situation that the chips recovered from the laminate film is scrapped, thereby boosting 
the costs of the film. Such scrapped films are disposed of as industrial waste but it is now difficult to dispose of such films. 
It is an object of the present invention to provide a biaxially oriented laminate polyester film which enables the 
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direct recycling of a reproduction polymer for the production of a filnn. that is, to provide a biaxially oriented laminate 
polyester film having self-recyclability. 

It Is another object of the present invention to provide a biaxially oriented laminate polyester film which has self- 
recyclability and excellent winding and handling properties and which can be used as a base film for a high-density 
5 magnetic recording medium having excellent electromagnetic conversion characteristics. 

Other objects and advantages of the present invention will become apparent from the following description. 
According to the present invention: the above objects and advantages of the present invention can be attained by 
a biaxially oriented laminate polyester film composed of polyester compositions and comprising two adjacent layers 
which differ from each other in surface roughness, wherein; 
10 each of the layers contains at least two different lubricant particles, and each of two members out of the lubricant 

particles of one layer and each of two members out of the lubricant particles of the other layer have the same substrates 
and the same average particle diameters, respectively, and are contained in such amounts that satisfy the following 
expressions (1) to (3): 

W^(I)/W^(li) - (0.95 - 1.05) X WB{I)/Wg(ll) (1) 
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Wa(0 < Wb(I) (2) 

W^(ll)< Wb(II) (3) 

wherein Wa(1) is a content (wt%) of lubricant particles I having the largest average particle diameter out of the lubricant 
particles contained in the first layer (layer A), W^(ll) is a content (wt%) of lubricant particles li having the second largest 
average particle diameter out of the lubricant particles contained In the first layer, Wb(I) is a content (wt%) of lubricant 
particles I having the largest average particle diameter out of the lubricant particles contained in the second layer (layer 
B), and Wb(II) is a content (wt%) of lubricant particles II having the second largest average particle diameter out of the 
lubricant particles contained in the second layer 

The polyester in the present invention is an aromatic polyester comprising an aromatic dicarboxylic acid as a main 
acid component and an aliphatic glycol as a main glycol component. The polyester is substantially linear and has film 
forming properties, particularly film forming properties by melt molding. Illustrative examples of the aromatic dicarboxylic 
acid include terephthalic acid, naphthalenedlcarboxylic acid, isophthalic acid, diphenoxyethane dicartaoxylic acid, 
diphcnyl dicarboxylic acid, diphenyl other dicarboxylic acid, diphcnyl suifono dicarboxylic acid, diphcnyl ketone dicar- 
boxylic acid, anthracenedlcarboxylic acid and the like. Illustrative examples of the aliphatic glycol include polymethylene 
glycols having 2 to 10 carbon atoms such as ethylene glycol, trimethylene glycol, tetramethylene glycoL pentamethyl- 
ene glycol, hexamethylene glycol and decamethylene glycol; and alicyclic diols such as cyclohexane dimethanol. 

The preferred polyester is a polyester comprising alkylene terephthalate or alkylene naphthalate as a main con- 
stituent component. The polyester is particularly preferably polyethylene terephthalate, polyethylene-2,6-naphthalene 
dicarboxylate or a copolymer which comprises terephthalic acid or 2,6-naphthalenedicarboxylic acid In an amount of 
80 mol% or more, based on the whole dicarboxylic acid components, and ethylene glycol in an amount of 80 mol% or 
more, based on the whole glycol components. 20 mol% or less of the whole acid components may be the above listed 
aromatic dicarboxylic acids otherthan terephthalic acid or 2,6-naphthalenedicarboxylic acid; aliphatic dicarboxylic acids 
such as adipic acid and sebactc acid; alicyclic dicarboxylic acids such as cyclohexane-l,4-dicarboxylic acid; and the 
like. 20 mol% or less of the whole glycol components may be the above listed glycols other than ethylene glycol; 
aromatic diols such as hydroquinone, resorcin and 2,2-bis(4-hydroxyphenyl)propane; aliphatic diols having an aromatic 
ring such as 1 ,4-dihydroxydimethyl benzene; polyalkylene glycols (polyoxyalkylene glycols) such as polyethylene gly- 
col, polypropylene glycol and polytetramethylene glycol; and the like. 

The polyester in the present Invention includes polyesters obtained by copolymerlzing or bonding a component 
derived from an oxycarboxylic acid such as an aromatic oxyacid, e.g., hydroxybenzolc acid and aliphatic oxyacid, e. 
g., a>hydroxycaproic acid in an amount of 20 mol% or less, based on the total of dicartDOxylic acid components and 
oxycarboxylic acid components. 

The polyester in the present invention further Includes polyesters obtained by copolymerlzing a poly carboxy lie acid 
or polyhydroxy compound having 3 or more functional groups^ such as trimellitic acid or pentaerythritol, in such an 
amount that it is substantially linear, for example, in an amount of 2 mol% or less, based on the whole acid components. 

The above polyester is known per se and can be produced by a known method per se. 

The above polyester preferably has an intrinsic viscosity, measured at 35'C in o-chlorophenol, of 0.4 to 0.9, more 



BNSDOCID: <EP_0893249A2_I_> 



EP 0 893 249 A2 



preferably 0.5 to 0.7. particularly preferably 0.51 to 0.65. 

The biaxially oriented laminate polyester film of the present invention comprises the first layer, that is, layer A and 
the second layer, that is. layer B. The polyesters of the two layers may b the same or different, but preferably the same. 

The biaxially oriented laminate polyester film of the present invention has self-recyclability that the film can recover 
and recycle itself for the production thereof, and there is a difference in surface roughness between the two surfaces 
of the film. The recovered film can be used in the layer A. 

In the present invention, the polymers of the layers A and B of the laminate film contain at least two different 
lubricant particles. Each of two members out of the lubricant particles of the first layer and each of two members out 
of the lubricant particles of the second layer have the same substrates and the same average particle diameters, 
respectively The same substrate means that the two different lubricant particles are derived from the same chemical 
species and the same average particle diameter means that the two different lubricant particles have the same average 
particle diameter, as a matter of course. 

The above two lubricant particles contained in each of the two layers further have further the following relationships 
(1)to (3). 

W^(l) / W^(ll) = (0.95 - 1 .05) X Wg(l) / Wg(II) (1) 



20 W^(I)<Wb(I) (2) 



W^(II)<Wb(I1) (3) 

wherein W;^(l) is a content (wt%) of lubricant particles I having the largest average particle diameter out of the lubricant 
particles contained in the first layer (layer A), Wa(II) is a content (wt%) of lubricant panicles II having the second largest 
average particle diameter out of the lubricant particles contained in the first layer, Wb(I) is a content (wt%) of lubricant 
particles I having the largest average particle diameter out of the lubricant particles contained in the second layer (layer 
B), and Wb(II) is a conlenl (wt%) of lubricant particles II having the second largest average particle diameter out of the 
lubricant particles contained in the second layer 

That is, by making the content of the lubricant contained in the layer A smaller than the content of the lubricant 
contained in the layer B (the above relationships (2) and (3)), the surface of the layer A (flat layer) forming a magnetic 
layer-coated surface can be flatter than the surface of the layer B (rough layer) forming a running surface, thereby 
making it possible to improve the clcctromagnotic conversion characteristics and winding and handling properties of 
the film. 

When the relationship between the content of the lubricant contained in the layer A and that in the layer B satisfies 
the above expression (1). a laminate polyester film having self-recyclability can be obtained. In the above relationship 
(1). a value of (0.95 1.05) is a coefficient indicative of an error of 5 % or less, which is inevitably produced when 
lubricants are added or weighed. 

That is, when a recovery cycle is repeated with composition- which does not satisfy the above relationships, the 
composition of lubricants starts to differ from the initial composition and the resulting composition of the lubricants must 
be adjusted to the initial composition thereof, thereby interfering with process control and quality control. 

According to the present invention, there is advantageously provided a biaxially oriented polyester film in which 
part of a polyester composition forming the first layer is a recovered polyester composition having the same composition 
as the laminate polyester film of the present invention. 

The lubricant particles contained in the layers A and B of the present invention are not particularly limited, but they 
are at least two different lubricant particles. The lubricant is preferably a multi-component lubricant containing larger 
particles in such a small amount that does not deteriorate electromagnetic conversion characteristics and smaller 
particles in a larger amount than the larger particles to provide sllpperiness. When the lubricant is a single-component 
lubricant consisting of small particles alone, sufficient air squeezability cannot be obtained and winding and handling 
properties are insufficient. When the single-component lubricant consists of medium-sized particles and large particles 
and is used in a large amount, electromagnetic conversion characteristics deteriorate and when it is used in a small 
amount, the slipperiness of the resulting film is insufficient. Therefore, it is difficult to achieve both excellent electro- 
magnetic conversion characteristics and slipperiness at the same time with a single-component lubricant. 

The lubricant particles contained in the above laminate film are preferably heat resistant polymer particles and/or 
spherical silica particles. More preferably, larger particles are heat resistant polymer particles or sph rica! silica and 
smaller particles are spherical silica. Illustrative examples of the heal resistant polymer particles include cross-linked 
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polystyrene resin particles, cross-linked silicone resin particles, cross-linked aery I resin particles, cross-linked styrene- 
acryl resin particles, cross-linked polyester particles, polyimtde particles, melamine resin particles and the like. Of 
these, cross-linked polystyrene resin particles and cross-linked silicone resin particles are preferred because the effect 
of the present invention beconnes more remarkable when these are contained in the lanninate filnn of the present in- 
5 vention. 

By using the above heat resistant polymer particles and spherical silica particles, protrusions that have affinity with 
polyesters and are relatively uniform in size are formed, thereby improving the slipperiness, abrasion resistance and 
electromagnetic conversion characteristics of the film. 

The average particle diameter of the lubricant particles I having the largest average particle diameter contained 
^0 in each of the polyester compositions of the first layer and the second layer is preferably 0. 1 to 2.0 |im, more preferably 
0.2 to 1 .0 |im, particularly preferably 0.2 to 0.6 \irr\. 

The content (W;^(l)) of the lubricant particles I having the largest average particle diameter contained in the poly- 
ester composition of the first layer is preferably 0.0005 to 0.6 wt%, more preferably 0.001 to 0.3 wt%, particularly 
preferably 0.002 to 0.2 wt%, based on the polyester composition. 

The content (Wb(I)) of the lubricant particles I having the largest average particle diameter contained in the poly- 
ester composition of the second layer is preferably 0.005 to 1.0 wt%, more preferably 0.01 to 0.5 wt%, particularly 
preferably 0.02 to 0.4 wt%, based on the polyester composition. 

The average particle diameter of the lubricant particles II having the second largest average particle diameter 
contained in each of the polyester compositions of the first and second layers is preferably 0.01 to 1.0 iim, more 
20 preferably 0.02 to 0.6 \m, particularly preferably 0.05 to 0.3 jam. 

The content (W;^(ll)) of the lubricant particles II having the second largest average particle diameter contained in 
the polyester composition of the first layer is preferably 0.005 to 1 .0 wt%, more preferably 0.01 to 0.5 wt%, particularly 
preferably 0,02 to 0.3 wt%, based on the polyester composition. 

The content (Wb(II)) of the lubricant particles II having the second largest average particle diameter contained in 
25 the polyester composition of tho second layer is preferably 0.05 to 2.0 wtS<>, more preferably 0. 1 to 1 .0 \Art%, particularly 
preferably 0.2 to 0.5 wt%, based on the polyester composition. 

The standard deviation value of the lubricant particles having the largest average particle diameter contained in 
each of the polyester compositions of the first layer and the second layer is preferably 0.5 or less, more preferably 0.4 
or less. The standard deviation value of the lubricant particles having the second largest average particle diameter 
30 contained in the same is preferably 0.5 or less, more preferably 0.2 or less. 

The difference between the intrinsic viscosity of the polymer of the first layer A and that of the second layer B of 
the laminate polyester film of the present invention is preferably 0.10 or less, more preferably 0.05 or less, particularly 
preferably 0.02 or less. When the difference is more than 0.10, a difference is liable to be made in flowability at the 
junction ot the polymers in the film formation with the result that the thickness of the layer A and that of the layer B in 
3S a width direction are liable to be non-unifonn and the surface properties of the layer A and those of the layer B in the 
width direction may become non-uniform. 

In the present invention, the surface roughness of the rough layer and flat layer of the biaxial ly oriented laminate 
polyester film is not particularly limited. However, when it is used as a base film for a high-density magnetic recording 
medium, particularly a high-density digital recording medium, the surface roughness of the layer A (WRa(A)) is pref- 
40 erably 0.5 to 5 nm, more preferably 1.0 to 4.5 nm, particularly preferably 2.0 to 4.0 nm. When WRa(A) is more than 
5 0 nni, sufficient electromagnetic conversion characteristics cannot be obtained. On the other hand, when WRa{A) is 
less than 0.5 nm, the slipperiness of the resulting film deteriorates and sufficient slit yield cannot be obtained. In addition, 
slipperiness between the flat surface and a pass roil system in the production process of a film or tape deteriorates, 
and in consequence, the film or tape wnnkles due to a transporting failure, thereby greatly reducing the yield of products. 
45 The WRa(B) of the rough layer is preferably 2.0 to 7.0 nm, more preferably 4.0 to 6.0 nm, particularly preferably 

4.5 to 5.5 nm. When WRa(B) is less than 2.0 nm, the slipperiness of the resulting film is low and sufficient slit yield 
cannot be obtained. On the other hand, when WRa(B) is more than 7 nm, the influence of protrusions on the flat surface 
becomes large, the flat surface is roughned, and sufficient electromagnetic conversion characteristics cannot be ob- 
tained, 

^o Preferably, the laminate polyester film of the present invention has Young's modulus in longitudinal and transverse 

directions of 450 to 2,000 kg/mm^, and the ratio of the Young's modulus in a transverse direction to the Young's modulus 
in a longitudinal direction is 0.4 to 3.0. Young's modulus in longitudinal and transverse directions are more preferably 
550 to 1,200 kg/mm2, particularly preferably 600 to 900 kg/mm2. The ratio of the Young's modulus in a transverse 
direction to the Young's modulus in a longitudinal direction is more pr f erably 0.5 to 2.5: particularly preferably 0.6 to 1 .6. 

55 When the Young's modulus in a longitudinal direction of the film is less than 450 kg/mm^, the strength in a longi- 

tudinal direction of a magnetic tape becomes weak with the result that the magnetic tape is easily broken when it is 
set in hardware and a strong force is exerted thereon in a longitudinal direction. On the other hand, when the Young's 
modulus in a transverse direction is less than 450 kg/mm2, the strength in a transvers direction of a magnetic tape 
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becomes weak, the contact between the tape and the magnetic head becomes insufficient, and hence, satisfactory 
electromagnetic conversion characteristics cannot be obtained. 

Furthermore, when at least either the Young's modulus in a longitudinal direction or that in a transverse direction is 
more than 2,000 kg/mm^, the resulting film ruptures frequently due to a high stretching ratio at the time of film formation, 

5 thereby greatly reducing the yield of products. 

When the ratio of the Young's modulus in a transverse direction to the Young's modulus in a longitudinal direction 
is less than 0.4, the resulting magnetic tape cannot have sufficient strength in a transverse direction, the contact be- 
tween the tape and the magnetic head becomes insufficient, and satisfactory electromagnetic conversion character- 
istics cannot be obtained. On the other hand, when the ratio of the Young's modulus in a transverse direction to the 

TO Young's modulus in a longitudinal direction is more than 3.0, the resulting magnetic tape cannot have sufficient trans- 
verse strength, whereby the tape ruptures frequently when it is set in hardware and a strong force is exerted thereon 
in a longitudinal direction. 

The polyester in the present invention is not particularly limited, but preferably polyethylene terephthalate or pol- 
yethylene-2,6-naphthalene dicarboxylate. Particularly polyethylene-2,6-naphthalene dicarboxylate is more preferred 
IS to obtain a biaxially oriented film having a thickness of 6 ^m or less and high Young's modulus. 

The total thickness of the laminate film of the present invention is not particularly limited. However, when the 
laminate film of the present invention is used as a base film for a high-density magnetic recording medium, the total 
thickness of the laminate film is preferably 2 to 10 |im, more preferably 3 to 7 |im, particularly preferably 3 to 6 ^im. 
When the thickness is more than 10 |am, the length of a magnetic tape which can be set In a casseue is small and 
20 hence, a sufficient recording capacity cannot be obtained. On Ihe other hand, when the thickness is less than 2 |am, 
the resulting film ruptures frequently at the time of film formation, and film winding properties become poor, thereby 
greatly reducing yield. Further, the flat layer becomes thin, the influence of the protrusions of the rough layer on the 
flat layer becomes large, and sufficient electromagnetic conversion characteristics cannot be obtained. 

In the laminate film of the present invention, preferably, the thickness of the first layer is larger than the thickness 
25 of the second layer and the thickness of the second layer is 0. 1 to 5 ^m. 

The biaxially oriented laminate polyester film of the present invention is preferably used as a base film for a high- 
density magnetic recording medium or a high-density digital recording medium (such as a data cartridge or digital video 
tape). 

The biaxially oriented laminate polyester film of the present invention can be produced in accordance with a con- 
30 ventionally known process or a process accumulated in the prior art. For example, the biaxially oriented laminate 
polyester film can be obtained by first preparing an unoriented laminate film and then biaxially orienting the resulting 
film. This unoriented laminate film can be produced by a conventionally known process for producing a laminate film. 
For example, a process in which a polyester layer forming a rough surface and a polyester layer forming an opposit 
surface (flat surface) are laminated together in a state where the polyesters are molten or solidified by cooling can be 
55 employed. More specifically, the laminate film can be produced by methods such as co-extrusion, extrusion lamination 
or the like. 

The unstretched laminate film obtained by the above methods can be formed into a biaxially oriented film in ac- 
cordance with conventionally used methods for producing a biaxially oriented film. For example, polyesters are molten 
and co-extruded at a temperature between a melting point (Tm: ^C) and (Tm + 70)''C to obtain an unstretched laminat 

40 film, the unstretched laminate film is then stretched to 2.5 times or more, preferably 3 times or more, in a uniaxial 
direction (longitudinal direction or transverse direction) at a temperature between (Tg - 10)°C and (Tg + 70)"C (Tg: 
glass transition temperature of polyesters) and then to 2.5 times or more, preferably 3.0 times or more, in a direction 
perpendicular to the above stretching direction at a temperature between Tg°C and (Tg + 70)"C. The obtained biaxially 
oriented laminate film may further be stretched in a longitudinal direction and/or transverse direction as required. The 

^5 total stretch ratio is preferably 9 times or more, more preferably 12 to 35 times, particularly preferably 15 to 30 times 
in terms of area stretch ratio. The biaxially oriented film may further be heat set at a temperature between (Tg + 70) 
''C and (Tm - 10)**C, for example, between 180''C and 250'*C. The heat setting time is preferably 1 to 60 seconds. 

Various physical properties and characteristic properties in the present invention were measured and are defined 
as follows. 



50 



(1) Average particle diameter of particles (DP) 



The polyester is removed from the film by a low-temperature plasma etching treatment (for example, the model 
P3-3 of Yamato Kagaku Co., Ltd.) to expose particles. Process conditions are chosen that ensure that though the 
55 polyester is ashed, the particles are not damaged. The exposed particles are observed undera SEM (Scanning Electron 
Microscope) and an image of the particles (light and shade formed by the particles) is analyzed with an image analyzer 
The following numerical processing is carried out with 5,000 or more particles at multiple observation sites and a 
number average particle diameter d obtained by the expression (4) is taken as an average particle diameter. 
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d = I di/n (4) 
wherein di is a circle equivalent diameter (|im) of the particles and n is the number of the particles. 

5 

(2) Content of particles 

A sample is dissolved in a solvent which dissolves the polyester but not the particles, the particles are separated 
from the resulting solution by centrifugation, and the ratio (wt%) of the quantity of the particles to the total quantity is 
^0 taken as the content of the particles. 

(3) Layer thickness 

The concentration ratb (M+/C+) of an element (M+) derived from the most highly concentrated particle of those 
?5 contained in the film in the range of from the surface layer up to a depth of 3,000 nm to the carbon element (C^-) of the 
polyester is taken as a particle concentration, and the portion from the surface layer up to a depth of 3,000 nm is 
analyzed in the thickness direction, using a secondary ion mass spectrometer (SIMS). Although the particle concen- 
tration is low in the surface layer which is an interface, it becomes higher as the distance from the surface increases. 
Once reaching the maximal value, the particle concentration begins to decrease again. Based on this concentration 
20 distribution curve, a depth (deeper than a depth at which the particle concentration becomes maximal) at which the 
particle concentration of the surface layer becomes a half of the maximal value is determined and taken as the thickness 
of the surface layer. 

Measurement conditions are as follows. 

25 Species of primary ions: Og"^ 

Primary ion acceleration voltage: 12 KV 

Primary ion current: 200 nA 

Luster area: 400 |_imn 

Analysis area: 30 % of gate 
30 Measurement vacuum degree: 6.0 x 10-3 Torr 

E-GUN: 0.5 KV - 3.0 A 

When the particles which are contained in the largest amount in an area from the surface layer to a depth of 3,000 
nm are organic polymer particles, it is difficult to measure them with SIMS. Therefore, the same depth profile as de- 
35 scribed above is measured by XPS (X-ray photoelectron spectrometry), IR (infrared spectrometry) or the like to obtain 
the thickness of the surface layer while the film is being etched from the surface. 

(4) Total thickness of film 

40 Ten films are placed one upon another in such a manner that dust should not be entered therebetween and the 

total thickness of the films is measured by an intermittent electronic micrometer to calculate the thickness of each film. 

(5) Young's modulus 

45 A sample having a width of 10 mm and a length of 15 cm is cut out of the film, and this sample is pulled by an 

Instron-type universal tensile tester at a chuck inten/al of 100 mm, a pulling rate of 10 mnrVmin and a chart rate of 500 
mm/min. The Young's modulus is calculated from the tangent of a rising portion of the obtained load -elongation curve. 

(6) Electromagnetic conversion characteristics 

so 

The following devices are used to record a signal having a frequency of 7.4 MHz, the ratio of a 6.4 MHz value to 
a 7.4 MHz value of its reproduction signal is taken as the C/N of the tape, and relative C/N values when the C/N of 
Example 1 is 0 dB are obtained and evaluated as follows. 

55 ® : +3 dB or more 

O : -1 to -H3dB 
X : less than -1 dB 
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Used devices 

8 mm video recorder: EDV-6000 of Sony Corp. 

C/N measurement: noise meter of Shibasoku Co., Ltd. 

(7) Intrinsic viscosity of polymer 

A rough layer or a flat layer is shaved off from the laminate film, and the intrinsic viscosity of each of the thus 
obtained polymers is measured at SS'^C in o-ch!orophenol. 

(8) Slit yield 



The film is slit to a width of 700 mm and a length of 7,000 m, and the slit yield when 20 or more strips of the film 
are wound around a roll is obtained and evaluated based on the following criteria. 
f5 Slit yield 

©: 90 % or more 

O : 70 % or more and less than 90 % 
X : less than 70 % 

20 

(9) Surface roughness (WRa. WRz) 

Using the non-contact 3-D roughness meter (TOPO-3D) of WYCO Co., 10 or more measurements (n) are made 
under such conditions as a measurement area of 242 ^m x 239 ^m (0.058 mm^) and a measurement magnification 
25 of 40x, and the center piano surface roughness (WRa) and 10-point average roughness (WRz) arc calculated with 
surface analysis software incorporated in the roughness meter 

(A) Center plane average roughness (WRa) 

30 This is an output value calculated from the following expression. 



35 



WRa 



M 

2 



N 



- Z I /(M-N) 
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wherein 

M N 



^ 1 2 /(M'N) 



Z-^y^ is a height in the direction of the Z axis on the X and Y planes at a j-th position and a k-th position in each of 
the direction of the X axis (242 yim) and the direction of the Y axis (239 yim) perpendicular to the above direction when 
these directions are divided into M and N sections, respectively, 

^o (B) 10-point average roughness (WRz) 

The average roughness WRz is obtained by choosing ten points, the first to fifth highest peaks (Hp) and the first 
to fifth lowest valleys (Hv), and calculating from the following equation. 



WRz = [(Hpl + Hp2 + Hp3 + Hp4 + Hp5) - (Hv1 + Hv2 + Hv3 + 
Hv4 + Hv5)] X 1/5 
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(9) Uniformity in layer thickness 

20 Points of a nnill roll film are sampled at a constant interval over the entire width in a width direction, the thickness 
of the layer A and that of the layer B are measured in accordance with the method (2) above, and uniformity in layer 
thickness is evaluated from irregularities R based on the following criteria. 

© : less than 1 .0 % 

O : 1 .0 % or more and less than 2.0 % 

X : 2.0 % or more 



wherein R = [(maximum - minimum) / average] x 100 
(10) Self-recyclabllity 

75 The content Wa(I) of the particles I in the layer A and the content Wb(II) of the particles 11 added at the beginning 

are compared with the content Wa(II) of the particles I in the layer A and the content Wb(II) of the particles II tinally 
obtained when the film is recovered and recycled at a recovery shown in Table 1 , respectively When these are identical, 
the film is judged to be self-recyclable and not self- recyclable when these are different. 
The following examples are given to further illustrate the present invention. 



Examples 1 to 5 



Virgin chips for a rough layer (layer B) having an intrinsic viscosity (measured in o-chlorophenol at 35='C) of 0.61 
was obtained by polymerizing dimethvl-2,6-naphthalene dicarboxylate an d ethylene glycol in accordance with a com- 

25 monly used method in the presence of manganese acetate as an ester interchange catalyst, antimony trioxidc as a 
polymerization catalyst and phosphorous acid as a stabilizer and particles as a lubricant shown in Table 1 . Meanwhile, 
chips recovered from the laminate film at a recovery shown in Table 2 and virgin chips containing no lubricant as a 
supplement were used to form a chip for a flat layer (layer A). 

These polymers for the layers A and B were dried at 170°C for 6 hours. The intrinsic viscosities of the layers A 

30 and B were adjusted to values shown in Table 2 by humidification. Thus, the dried chips having adjusted intrinsic 
viscosity were supplied to the hoppers of two extruders In such a ratio that the thickness of each layer shown in Table 
1 was achieved, molten at a temperature of 280 to 300°C, co-extruded using a multi-manifold co-extrusion die in such 
a manner that the layer A was laminated on one side of the layer B, and extruded onto a rotary cooling drum having 
a surface-finish of about 0.3S and a surface temperature of 60^*0 to obtain a 145 ^ni-thick unstretched laminate film 

35 (for Examples 1 , 3 and 4) and a 97 |i-thick unstretched laminate film (for Examples 2 and 5). 

The thus obtained unstretched laminate film was preheated at 120° stretched to 4.75 times b etween low-speed 
and high-speed rolls by heating with an IR heater having a surface temperature of 900**C from 1 5 mm above , quenched 
and supplied to a stenter to be stretched t o 5.1 times in a transverse direction atj 45°C. The obtained biaxlally oriented 
laminate film was heat set with hot air at 210°C for 4 seconds to obtain a 6.0 um-thick b iaxially oriented laminate 

40 polyester film (for Examples 1 , 3 and 4) and a 4.0 lam-thick biaxially oriented laminate polyester film (for Examples 2 
and 5). The Young's modulus in a longitudinal direction of these films were 700 kg/mm^ and those in a transverse 
direction were 730 kg/nrirTi^ The characteristic properties shown in Table 2 of these biaxially oriented laminate polyester 
films were measured- The results are shown in Table 2. 

The following magnetic coating was applied onto one side (layer B) of each of the biaxially oriented laminate 

^ polyester films to a thickness of 0.5 |am. the coated film was subjected to alignment treatment In a DC magnetic field 
of 2,500 Gauss, dried by heating at 100*C and subjected to supercalendering (linear pressure of 300 kg/cm, temper- 
ature of ecC), and the resulting film was rolled. This roll was kept in an oven heated at 55'C tor 3 days and cut to a 
width of 8 mm to obtain a magnetic tape. 

50 Preparation of magnetic coating: 

The following composition was placed in a ball mill, kneaded for 16 hours and dispersed, and 5 parts by weight of 
an isocyanatc compound (Desmodur of Bayer AG.) were added and dispersed by high-speed shearing for 1 hour to 
obtain a magnetic coating. 



Composition of magnetic coating: 



needle-like Fe particles 



1 00 parts 
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(continued) 



Composition of nnagnetic coating: 


vinyl chloride-vinyl acetate copolymer (Slec 7A of Sekisui Chemical Co.. Ltd.) 


15 parts 


thermoplastic polyurethane resin 


5 parts 


chromium oxide 


5 parts 


carbon black 


5 parts 


lecithin 


2 parts 


fatty acid ester 


1 part 


toluene 


50 parts 


methyl ethyl ketone 


50 parts 


cyclohexanone 


50 parts 



The electronrragnetic conversion characteristics of the obtained magnetic tape were measured in accordance with 
the above measurement method. The results are shown in Table 2. 

Comparative Examples 1 and 2 

Biaxially oriented laminate polyester films were obtained in the same manner as in Example 1 except that the 
lubricant particles added and the thickness of each layer were changed as shown in Table 1. Magnetic tapes were 
obtained using the obtained biaxially oriented laminate polyester films in the same manner as in Example 1. The 
measurement results of the characteristic properties of the obtained magnetic tapes are shown in Table 2. 

The final composition of the lubricant obtained after the repeated self -recycling differed from the initial composition. 
Self-recycling was therefore impossible with this composition of the lubricant. 

Example 6 

A 130 fim-thick unstretched laminate film was obtained in the same manner as in Example 1 except that the 
lubricant particles added and the thickness of each layer were changed as shown in Table 1. Then, a 6.0 ^im-thick 
biaxially oriented laminate polyesterfilm was obtained in the same manner as in Example 1 except that the thus obtained 
unstretched laminate film was stretched to 4.0 times in a longitudinal direction and to 5.4 times in a transverse direction. 
The Young's modulus in a longitudinal direction of the obtained film was 600 kg/mm^ and that in a transverse direction 
was 900 kg/mm2. Thereafter, a magnetic tape was obtained from the thus obtained biaxially oriented laminate polyester 
film in the same manner as in Example 1. The measurement results of the characteristic properties of the obtained 
magnetic tape are shown in Table 2. 
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As is evident from Tables 1 and 2, the biaxially oriented laminate polyester film of the present invention is self- 
recyclable, provides a magnetic tape having excellent electromagnetic conversion characteristics, and has excellent 
winding properties. 

- According to the present invention, a biaxially oriented laminate polyester film which is self-recyclable can be 
obtained, and a film can be obtained that has excellent electromagnetic conversion characteristics and winding prop- 
erties as a base film for a high-density magnetic recording medium. 

This biaxially oriented laminate polyester film is useful as a base film for a high-density magnetic recording medium, 
particularly a base film for such magnetic tapes as 1/2-inch video tape, 8 mm video tape, data cartridge tape and digital 
video tape. 

Claims 

1. A biaxially oriented laminate polyester film which is composed of polyester compositions and comprises two ad- 
^5 jacent layers that differ from each other in surface roughness, wherein: 

each of the layers contains at least two different lubricant particles, and each of two members out of the 
lubricant particles of one layer and each of two members out of the lubricant particles of the other layer have the 
same substrates and the same average particle diameters, respectively, and are contained in such amounts that 
satisfy the following expressions (1 ) to (3): 

20 

W^(!)/W^(ll)= (0. 95 - 1.05)x Wb(I)/Wb(II) (1) 
25 W^(I)<Wb(I) (2) 

W^(II)<Wb{II) (3) 
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wherein Wa(I) is a content (wt%) of lubricant particles I having the largest average particle diameter out of the 
lubricant particles contained in the first layer (layer A), Wa(II) is a content (wt%) of lubricant particles II having the 
second largest average particle diameter out of the lubricant particles contained in the first layer, Wb(I) is a content 
(wt%) of lubricant particles I having the largest average particle diameter out of the lubricant particles contained 
in the second layer (layer B), and Wb(II) is a content (wt%) of lubricant particles II having the second largest average 
particle diameter out of the lubricant particles contained in the second layer. 

2. The lam inate polyester film of claim 1 , wherein a difference in an intrinsic viscosity of polyesters forming the adjacent 
two layers is 0.1 or less. 

3. The laminate polyester film of claim 1 . wherein part of a polyester composition forming the first layer is a recovered 
polyester composition having the same composition as the laminate polyester film of claim 1, 

4. The laminate polyester film of claim 1 , wherein the average particle diameter of the lubricant particles 1 having the 
largest average particle diameter contained in each of the polyester compositions of the first and second layers is 
0.1 to2.0)im. 

5. The laminate polyester film of claim 1, wherein the content (Wa{I)) of the lubricant particles I having the largest 
average particle diameter contained in the polyester composition of the first layer is 0.0005 to 0.6 wt%, based on 
the polyester composition. 

6. The laminate polyester film of claim 1, wherein the content (Wb(I)) of the lubricant particles I having the largest 
average particle diameter contained in the polyester composition of the second layer is 0.005 to 1 .0 wt%, based 
on the polyester composition. 

7. The laminate polyester film of claim l. wherein the average particle diameter of the lubricant particles II having 
the second largest average particle diameter contained in each of the polyester com posit ions of the first and second 
layers is 0.01 to 1 .0 jim. 
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8. The laminate polyester film of claim 1, wherein the content (W;^(!l)) of the lubricant particles II having the second 
largest average particle diameter contained in the polyester composition of the first layer is 0.005 to 1 .0 wt%, based 
on the polyester composition. 

5 9. The laminate polyester film of claim 1, wherein the content (Wb(II)) of the lubricant particles II having the second 
largest average particle diameter contained in the polyester composition of the second layer is 0.05 to 2.0 vyrt%, 
based on the polyester composition. 

10. The laminate polyester film of claim 1, wherein the lubricant particles having the largest average particle diameter 
10 contained in each of the polyester compositions of the first and second layers have a standard deviation value of 

0.5 or less. 

11. The laminate polyester film of claim 1, wherein the lubricant particles having the second largest average particle 
diameter contained in each of the polyester compositions of the first and second layers have a standard deviation 

?5 value of 0.5 or less. 

12. The laminate polyester film of claim 1 , wherein the surface roughness (WRa(A)) of the first layer is in the range of 
0.5 to 5 nm. the surface roughness (WRa(B)) of the second layer is in the range of 2 to 7 nm, and the surface 
roughness of the first layer is smaller than the surface roughness of the second layer. 

20 

13. The laminate polyester film of claim 1, which has a thickness of 2 to 10 jam. 

14. The laminate polyester film of claim 1, wherein the thickness of the first layer is larger than the thickness of the 
second layer and the thickness of the second layer is in the range of 0.1 to 5 (.im. 

25 

15. The laminate polyester film of claim 1, wherein polyesters in the polyester compositions of each of the first and 
second layers are polyethylene-2,6-naphthalene dicarboxylate. 

16. The laminate polyester film of claim 1. wherein the Young's modulus in longitudinal and transverse directions of 
30 the film are each in the range of 450 to 2,000 kg/mm^, and the ratio of the Young's modulus in a transverse direction 

to the Young's modulus in a longitudinal direction is in the range of 0.4 to 3.0. 
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